and the yeast transcription factor Reb1p (Morrow et al., (Brewer and Fangman, 1988; Hernandez et al., 1993; Little et al., 1993; Wiesendanger et al., 1994) . This region 1993). Reb1p is the yeast homolog of TTF-I, binds to the yeast RNA polymerase I terminator element, and of the mouse rDNA locus contains a cluster of repeated Sal box terminator elements that are binding sites for mediates transcription termination (Lang and Reeder, 1993) .
the termination factor TTF-I and mediate termination of transcription by RNA polymerase I (Grummt et al., 1985 , The intriguing correlation between the position of the RFB and the region of transcription termination in yeast, 1986; Bartsch et al., 1988; Pfleiderer et al., 1990) .
To determine whether replication pauses in the region frog, and mammals, suggests that both processes may be interrelated. In this study, we have investigated of transcription termination, DNA from NIH3T3 cells was digested with EcoRI and restriction fragments conwhether TTF-I, besides its well-established role in RNA polymerase I transcription termination, also serves a taining replication forks were enriched by BND-cellulose and analyzed by the 2-D gel electrophoresis replicon function in termination of DNA replication. We have used an SV40-based cell-free replication system and anamapping method of Brewer and Fangman (1987) . The blotted DNA was hybridized to a BamHI-EcoRV fraglyzed replication intermediates from templates containing different regions from the 3Ј terminal intergenic ment from ϩ334 to ϩ856 of the 3Ј terminus of the murine rDNA transcription unit. As shown in Figure 1A , there is spacer of mouse rDNA. The results demonstrate that (i) spacer sequences encompassing Sal box 2 and flanking an arc of replication intermediates of 4.2-8.4 kb indicative of restriction fragments that are replicated by forks regions constitute a polar barrier to replication fork movement, (ii) binding of TTF-I to Sal box 2 is a prerequiproceeding from one end of the 4.2 kb EcoRI fragment to the other as simple Y-shaped molecules. A second site for replication fork arrest, and (iii) RFB activity is not dependent on transcription.
class of nonlinear molecules was found rising as a spike ahead of the inflection point of the arc that represents molecules that are approximately 75% replicated, demResults onstrating that replication forks are stalled at defined position within the 4.2 kb EcoRI fragment in vivo.
The 3 Terminal Spacer Region of Mouse
To narrow down the position at which replication forks rDNA Contains a Polar RFB stall and to determine the direction in which replication Previous studies have identified an RFB in the rDNA of forks were moving before their arrest, the presumptive various organisms that maps at the junction of the 3Ј RFB was analyzed by digestion with PvuII and EcoRV, end of the transcription unit and the intergenic spacer which generates a 2.5 kb 3Ј terminal fragment. If the forks are stalled at a fixed position, the position of the hybridization signals of terminated intermediates should vary along the simple Y arc. Indeed, a conspicuous spot of hybridization signals on the descending side of the the simple Y arc was observed, indicating stalled intermediates with much shorter replicated arms (Figure 1B, arrowhead) . Measurements of the stalled molecules from the distance migrated in the first dimension gel, and from their positions on the ascending or descending arm of the simple Y arc, reveal that there is a polar RFB approximately 0.4-0.8 kb downstream of the 3Ј end of 28S coding region, i.e. close to or overlapping the sites of transcription termination. The replication fork arrives at that position after having replicated through the NTS-a direction that would place the replication complex in a head-on collision with transcribing RNA polymerases.
The RFB Activity Can Be Reproduced In Vitro
To investigate whether the spatial overlap of the sites The restriction map at the top contains part of the murine rDNA used a cell-free replication system to mimick replication repeat. The end points of the 28S rRNA, the 45S pre-rRNA, and the fork arrest in vitro. In the system used, circular templates , 1985) . Different fragments from the 3Ј terminal spacer total mouse DNA digested with the combinations of restriction enregion of mouse rDNA were inserted into pSV01⌬EP 413 zymes required to generate the two fragments A and B, respectively.
bp clockwise downstream of the SV40 replication origin
The RFB fragments were detected by using a probe from the BamHI (Figure 2A ). After incubation with extract proteins, T anti- were analyzed on denaturing polyacrylamide gels. As In order to map the position of the RFB at the nucleoshown in Figure 2B , replication of the vector pSV01⌬EP tide level, the replication products were digested with yields a heterogeneous population of labeled fragments AspI and run in parallel to a sequencing ladder of the that represent bidirectionally elongated and randomly same fragment ( Figure 2C ). This experiment localizes terminated DNA molecules (lane 1). Insertion of a 946 the end of the stalled replication fork to nucleotide ϩ688 bp rDNA fragment containing 10 Sal box (SB) elements with respect to the 3Ј end of the 28S RNA coding region. (pSV.SB1-10) yields a portion of distinct replication inThus, the stop of replication fork migration occurs at a termediates (1207 nt) that apparently were arrested G residue 28 bp upstream of the last nucleotide of Sal within the rDNA insert (lane 2). The length of the intermebox 2 just in front of a stretch of C residues. diates corresponds to the distance from the SV40 origin to Sal box 2, indicating that replication forks that proThe RFB Is a Polar Termination Site ceed rightward are arrested at Sal box 2. Thus, similar
Termination of rDNA transcription is a polar process to the in vivo situation, the replication machinery aprequiring the Sal box terminator element in the same pears to travel through the intergenic spacer until it direction as RNA polymerase I movement. To assess encounters a replication fork barrier close to the 3Ј end whether the RFB is also polar, i.e., replication forks of the rDNA transcription unit.
pause upstream of the rRNA transcription unit only in To verify that the region between Sal box 2 and Sal the direction opposite to transcription, the fragment enbox 3 represents a replication fork barrier, subclones compassing Sal box 2 and adjacent sequences was of pSV.SB1-10 were tested in the cell-free replication inserted in both orientations into pSV01⌬EP and used system. The pattern of replication intermediates of as templates in the in vitro replication system. In pSV.SB6-10 containing Sal boxes 6 through 10 correpSV.SB2, the rDNA fragment is inserted in its natural sponds to that of vector DNA, indicating that this rDNA orientation, i.e., in head-on polarity to the direction of fragment does not impede replication fork movement transcription. As has been shown above, on this tem-(lane 4). In contrast, replication intermediates of distinct plate 666 nt replication intermediates are generated (Figsizes were observed both with pSV.SB1-5 (782 nt) and ure 2D, lane 1). In contrast, no RFB actvity is observed pSV.SB2 (666 nt) as templates (lanes 3 and 5), a finding with pSV.SB2*, the template that contains the rDNA inthat supports the notion that replication forks are arrested upstream of Sal box 2.
sert in opposite orientation (lane 2). Thus, to act as a replication barrier, the rDNA fragment containing the box and the T tract (lane 5) completely abrogates RFB RFB has to be fused to the origin in the same polarity activity. Thus, neither the Sal box nor the GC-rich seas in vivo, i.e., in the opposite direction to transcription.
quence on their own mediate replication fork arrest, To investigate the efficiency of replication fork arrest, a but both elements appear to function in a synergistic template was used that contains two consecutive RFBs.
manner. This template (pSV.2xSB2) contains two copies of the To further delineate the sequences required for replirDNA fragment present in pSV.SB2, which are inserted cation fork arrest and to investigate whether binding of in head-to-tail orientation into the vector. If the RFB TTF-I to its target sequence is required for RFB activity, would either transiently or inefficiently pause the replicathe Sal box sequence was altered by introducing two tion machinery, then part of the forks should proceed point mutations (pSV.SB2m). Moreover, the box was through the first site and intermediates paused both at inverted with respect to the GC stretch (pSV.SB2r⌬T). the first and the second RFB would be observed. If, Significantly, both the point mutations that are known however, true termination occurs, then only intermedito impair TTF-I binding to the Sal box (Grummt et al., ates that were stopped at the first RFB should be gener-1986) and inversion of the Sal box element completely ated. As shown in Figure 2D , lane 3, the replication abolished RFB activity ( Figure 3B , lanes 6 and 7). Thus, products from pSV.2xSB2 were qualitatively and quantian intact TTF-I binding site in its natural orientation is tatively indistinguishable from those of pSV.SB2. No disrequired both for termination of transcription and DNA tinct intermediates of 1015 nt arrested at the downreplication. Taken together, this mutational analysis restream fragment were observed, indicating that all veals that (i) a TTF-I binding site is necessary, but not oncoming replication forks were stopped within the first sufficient for RFB function, (ii) the flanking GC stretch fragment. Thus, the RFB in the active polarity does not is required for fork arrest, (iii) the presence of the T tract temporarily pause fork migration, but appears to cause enhances RFB activity, and (iv) the natural orientation true termination of DNA replication.
of both elements is a prerequisite for barrier function. Thus, several cis-acting elements cooperate in a polar The RFB Has a Modular Structure manner. This result suggests that complex DNA-protein The rDNA fragment in pSV.SB2 contains several conand protein-protein interactions are involved in replicaspicuous sequence elements that could be involved in tion fork arrest. mediating replication fork arrest. These elements include the 18 bp Sal box terminator element as well as a long pyrimidine-rich region that flanks Sal box 2. The GC-Rich Sequences Flanking Sal Box 2 pyrimidine-rich region contains a stretch of 20 uninterAre Required for RFB Activity rupted cytidine residues, followed by a GC-rich seThe results presented above demonstrated that binding quence and a tract of 26 thymidine residues (Figure of TTF-I to its cognate sequence is necessary, but not 3A). To examine which of these sequence elements are sufficient for replication fork arrest, and that GC-rich involved in replication fork impediment, several conflanking sequences serve an indispensable role in this structs that lack the T tract (pSV.SB2⌬T), both the T process. Consistent with this view, only Sal box 2, but tract and the GC stretch (pSV.SB2⌬GC⌬T), or contain none of the other Sal box elements in the 3Ј terminal the GC stretch only (pSV.⌬SB⌬T) were assayed in the spacer that differ in their flanking sequences, impedes cell-free system for RFB activity. As shown in Figure 3B , replication fork movement. To investigate whether the deletion of the T tract reduces the amount of terminated 39 bp stretch of guanosine and cytidine residues flankreplication intermediates by ‫%03ف‬ (lane 3), indicating ing Sal box 2 on its 3Ј side may exert its function by that this sequence element increases the efficiency of interaction with cellular protein(s), we compared the terthe RFB but is not absolutely required for replication mination activity of pSV.SB2⌬T with templates that confork arrest. On the other hand, deletion of both the T tract and the GC stretch (lane 4), or deletion of the Sal tain point mutations or deletions within the GC stretch (Figure 4) . In pSV.SB2⌬Tm, two guanosines at positions of TTF-I That Is Also Essential for ϩ700/ϩ701 were converted into thymidine residues. In
Replication Fork Arrest Requires a Domain

Transcription Termination
Having established that TTF-I is involved in RFB activity, pSV.SB2⌬T⌬5C and pSV.SB2⌬T⌬10C, the C cluster we examined which part of TTF-I mediates replication flanking the box was shortened by 5 and 10 C residues, fork arrest. For this, HeLa cell extract was first depleted respectively. Significantly, all mutations within the GCfrom endogenous TTF-I as described above and then rich sequence abrogated RFB activity (Figure 4 , lanes supplemented with N-terminally truncated TTF-I deriva-3-5). This finding indicates that the Sal box acts in contives (TTF⌬N185, TTF⌬N323, TTF⌬N445), which have junction with adjacent sequences and, in order to funcbeen expressed and purified from baculovirus-infected tion as a polar RFB, TTF-I bound to Sal box 2 needs to insect cells. The properties of these TTF-I derivatives cooperate with specific downstream sequences.
have been described (Evers et al., 1995; Sander et al., 1996) . In brief, all three TTF-I mutants exhibit the same TTF-I Is Required for Replication Fork Arrest DNA binding activity, but differ in their ability to termiThe finding that mutations within the Sal box that impair nate RNA polymerase I transcription. TTF⌬N185 and TTF-I binding also abolish RFB function suggests that, in TTF⌬N323 terminate transcription as efficiently as fulladdition to its function in rDNA transcription termination, length TTF-I; TTF⌬N445, however, fails to support tran-TTF-I may be the trans-acting factor that causes replicascription termination. tion fork arrest. If this is true, then depletion of TTF-I
The capability of the truncated TTF-I derivatives to from HeLa cell extracts should eliminate RFB activity.
rescue RFB activity is shown in Figure 5B . Consistent In the experiment shown in Figure 5A , the extract was with the transcription termination data, both TTF⌬N185 depleted from endogenous TTF-I by incubation with a and TTF⌬N323 promote termination of DNA replication matrix-bound DNA fragment that contains several cop-(lanes 2 and 3). The activity of TTF⌬N323, however, is ies of the Sal box sequence. This treatment depletes lower than that of TTF⌬N185. More strikingly, TTF⌬ most of TTF-I, and therefore eliminates transcription 445, whose DNA binding affinity compares to that of termination activity (data not shown). Significantly, the TTF⌬N185 and TTF⌬N323, fails to restore RFB activity depleted extract promotes T antigen-dependent DNA (lane 4). This result indicates that the DNA binding doreplication, but does not exhibit RFB activity ( Figure 5A , main of TTF-I on its own is not sufficient to arrest the lane 2). Complementation of the depleted extract with replication fork and suggests that the part of TTF-I conrecombinant TTF-I efficiently rescued RFB activity (lane verging amino acids 323 through 445 is required both 3) indicating that TTF-I, and no other protein that may for transcription termination and RFB activity. have bound to the immobilized DNA fragment, is responsible for replication fork arrest. Moreover, the finding Discussion that TTF-I bound to its target sequence is required for RFB activity, rules out the possibility that the barrier is Recent studies on replication fork progression in three merely caused by a peculiar DNA structure adopted by disparate eukaryotes seem to indicate a common feature of rDNA replication, namely the presence of a barrier Sal box 2 in conjunction with flanking sequences. The black boxes downstream of the pre-rRNA coding region (open and hatched bars) mark the repeated Sal box elements (T1-10) in the 3Ј terminal rDNA intergenic region; the ellipse indicates the origin of bidirectional replication (OBR) as described previously (Gö gel et al., 1996) . The sites of RNA polymerase I transcription termination and replication fork arrest are indicated with respect to the 3Ј end of the 28S RNA coding region. The arrows mark the direction of RNA polymerase I transcription and replication fork movement, respectively.
to replication fork movement near the 3Ј end of the in transcription termination, also plays an essential role in termination of DNA replication. Significantly, both terrRNA genes (Brewer and Fangman, 1988; Linskens and Huberman, 1988; Little et al., 1993; Hernandez et al., mination of rDNA transcription and DNA replication requires binding of TTF-I to its target sequence. Moreover, 1993; Wiesendanger et al., 1994) . Since its discovery in yeast, the nature of the RFB and its relation to rDNA the same functional domains of TTF-I appear to be involved in both processes. Previously, it was shown that transcription was an enigma. The initial hypothesis proposing that the arrest of fork movement may be caused TTF-I has a modular structure containing at least two structurally and functionally distinct domains, one that by head-on collisions between transcribing RNA polymerases and the replication complex has been quesinteracts with DNA and a second that is required for transcription termination (Evers et al., 1995) . In this tioned by the recent finding that sequences at the 3Ј end of the yeast rDNA transcription unit can act as an study, we have used N-terminally truncated versions of TTF-I and have shown that replication forks are arrested RFB when inserted into an extrachromosomal plasmid in the absence of elongating RNA polymerases (Brewer by a domain of mTTF-I that is also critical for transcription termination. Hence, TTF-I appears to be a Januset al., 1992) . This finding has been interpreted to mean that specific DNA-protein complexes arrest a replication faced factor terminating both transcription and replication, but with the opposite face of the protein domains fork coming from downstream, thereby preventing collisions between the transcription and the replication mainvolved in both processes. Based on the ability of TTF-I to block the progression of both RNA polymerase I and chineries moving in opposite directions.
The results presented in this report strongly support DNA polymerase in a polar fashion, we suggest that the TTF-I/DNA complex is structurally asymmetrical in that this view. We show for the first time in vitro termination of eukaryotic chromosomal DNA replication in a cell-free it exposes or "hides" the surface to different interacting proteins. In this scenario, TTF-I forms a unidirectional system. Using templates that contain the SV40 origin of replication and sequences from the 3Ј end of the mouse "clamp" on DNA that prevents proteins from passing. An important result of the present study is the obserrRNA gene locus, we demonstrate that in HeLa cell extracts T antigen-driven DNA replication is arrested 122 vation that the replication machinery "ignores" TTF-I bound to Sal box elements 10 through 3 and stops spebp downstream of the site of RNA polymerase I transcription termination. The barrier is directional, or polar, cifically in front of box 2. Boxes 1-8 have the consensus motif AGGTCGACCAGA/TT/ANTCCG and bind TTF-I since it arrests the fork moving in one direction but not the other. Consequently, the RFB is permissive for the with similar, if not identical, affinity (Grummt et al., 1985; Bartsch et al., 1987) . Thus, additional sequences and fork that is replicating cotranscriptionally, but stalls the fork moving in the opposite direction as it attempts to interacting factors must be involved in replication fork arrest. The following observations support this suggesenter the 3Ј end of the transcription unit. Consistent with the bidirectional replication model, which proposes that tion. First, RFB activity is abolished by deletion or point mutations in either the Sal box element or the GC-rich divergent replication forks travel away from their origin until they meet the forks coming in the opposite direcsequence flanking Sal box 2, indicating that besides TTF-I other sequence-specific DNA binding protein(s) tions from neighboring replicons, the forks will meet and fuse at the RFB (Figure 6) . are required. Second, inversion of the Sal box with respect to the GC stretch abolishes RFB activity, a finding The in vivo data showed that in human and mouse rDNA the replication barrier is located in a region that that argues for orientation-dependent interactions between TTF-I and the protein that binds to adjacent sepreviously has been shown to be involved in RNA polymerase I transcription termination (Bartsch et al., 1987;  quences. The orientation-dependence, the requirement of specific flanking sequences, and the observation that Pfleiderer et al., 1990) . Since rRNA synthesis is tightly coupled to cell proliferation, and since both transcripan N-terminally truncated version of TTF-I (TTF⌬N445) that binds to DNA but fails to terminate transcription tional and replicative elements are colocalized within a short region of the intergenic spacer, it was reasonable and does not impede progression of replication forks, suggest that the termination factor does not simply act to expect that both processes may use the same factor(s). A likely candidate for such a shared protein is the as a roadblock to elongation. This notion is supported by experimental data demonstrating that Gal4 bound to transcription termination factor TTF-I, which specifically interacts with the repeated Sal box elements in the its cognate site did not interfere with replication fork migration (our unpublished data). Thus, any DNA binding 3Ј-terminal spacer region of mouse rDNA (Grummt et al., 1986) . Indeed, we show that TTF-I, besides its role protein is not necessarily capable of acting as a polar road block to chain elongation or fork migration. This replication. However, in contrast to the prokaryotic terminator proteins and the EBNA-1 protein, the helicase finding implies that the RFB is an inherent property of a defined DNA-protein complex and specific proteinactivity of SV40 T antigen was completely undisturbed by binding of TTF-I to its target site, indicating that protein interactions occur between DNA-bound TTF-I and protein(s) bound to neighboring sequences.
TTF-I does not mediate RFB activity by impeding unwinding of duplex DNA (unpublished data). The region preceding Sal box 2 exhibits an unusual nucleotide sequence. The most remarkable feature is a A number of features suggests that eukaryotes use similar mechanisms to prevent overreplication and headcluster of 20 uninterrupted cytosine residues followed by a GC stretch and a cluster of 26 thymidine residues.
on collision between the transcription and the replication machineries. Common features are (i) the striking Removal of the T cluster decreases, but does not eliminate, RFB activity indicating that this sequence augfunctional analogy between the arrangement of termination sites on bacterial chromosomes and mammalian ments RFB activity. In contrast, point mutations within the GC stretch or shortening the cluster of C residues rDNA, (ii) the orientation-dependence of replication fork arrest, and (iii) the involvement of specific DNA-bound totally abolish replication fork arrest. This result demonstrates that the flanking sequences are as essential as proteins. Moreover, consistent with functional homologies between prokaryotic and eukaryotic RFBs and facthe Sal box in mediating RFB activity. Presumably, TTF-I forms a complex with protein(s) binding to the adjacent tor sharing between the transcription and the replication apparatus, Bastia and collaborators reported that the sequences, and it is the complex that constitutes the barrier for replication fork movement. Although the probacterial replication proteins Tus and RTP impede RNA chain elongation by T7, SP6, and E. coli RNA polymerase tein(s) that specifically binds to the neighboring sequences has not yet been identified, we propose that in a polar mode at the replication arrest site (Mohanty et al., 1996) . Like TTF-I, the RNA chain antielongation multiple DNA-protein and protein-protein interactions are involved in replication fork arrest. Current work aims activity of Tus and RTP are isopolar, requiring the natural orientation of the protein binding sites with respect to to identify and biochemically characterize proteins that interact directly with the approaching replication mathe promoter or the origin of replication. Therefore, a general mechanism appears to operate in prokaryotes chinery. The search for such proteins should prove to be interesting and rewarding.
and eukaryotes in order to protect the transcribed region from invading replication forks and, on the other hand, The mechanism by which TTF-I binding can stop the progression of replication forks is unknown. However, to protect the replication termini from possible inactivation by elongating RNA polymerases. Moreover, recent there are intriguing similarities between the RFB in the 3Ј terminal rDNA spacer and replication pause sites that studies have revealed that TTF-I may serve a role in the structural organization of the rDNA repeat unit (Sander have been observed in prokaryotes. In both E. coli and B. subtilis, two replication forks travel in opposite direcand Grummt, 1997) as well as nucleosomal remodeling and transcriptional activation on chromatin templates tions around the circular chromosomes and terminate in a region diametrically opposed from the origin. The (Lä ngst et al., 1997) . The results presented in this communication, showing that TTF-I is also involved in arrest terminus regions of both bacteria contain multiple sites that bind specific terminator proteins to cause replicaof replication fork movement, add another fascinating aspect of TTF-I function. tion fork arrest (reviewed by Hill, 1992; Baker, 1995; Bastia and Mohanty, 1996) . The sequences of the fork arrest sites are binding sites for the replication termina-
Experimental Procedures
tor proteins, Tus and RTP, encoded by E. coli and B. subtilis, respectively. The termination sites in the two DNA Templates bacteria are unrelated, and the proteins that recognize
The templates for replication termination are derivatives of pSV01⌬EP (Wobbe et al., 1985) . Murine rDNA fragments were inthese sites are distinct, too. The location and orientation serted into the NdeI site of pSV01⌬EP. pSV.SB1-10 contains a 946 of the arrest sites are such that a replication fork passes bp fragment (from ϩ337 to ϩ1283 with respect to the 3Ј end of through the first set of three sites which are in the inac-28S rRNA) including 10 Sal box elements. pSV.SB1-5 contains 3Ј tive orientation, and is arrested at the first site of the terminal sequences from ϩ544 to ϩ858; pSV.SB6-10, from ϩ859 second, inversely oriented set that the fork encounters. to ϩ1283; and pSV.SB2, from ϩ599 to ϩ742. In pSV.2xSB2, a second Once the fork is arrested at a given site, the second fork SB2 fragment was inserted into the AflIII site 178 bp clockwise approaching from the opposite direction stops at the downstream of the first SB2 insert. In pSV.SB2*, the rDNA fragment was inserted in inverted polarity. A mutant of pSV.SB2 in which same site as the stalled fork. the upstream T stretch is deleted (pSV.SB2⌬T) was constructed by
The terminator proteins in E. coli and B. subtilis have replacing the 148 bp AccI fragment by a 65 bp oligonucleotide been shown to impede DNA chain elongation by inhibcontaining the GC stretch and part of Sal box 2. Mutants of iting the DNA unwinding activity of DNA helicases (repSV.SB2 in which the upstream T stretch plus the GC stretch viewed by Bastia and Mohanty, 1996) . Similarly, the (pSV.SB2⌬GC⌬T) are deleted, or the Sal box (pSV.⌬SB⌬T) is deleted, EBNA-1 protein, which causes pausing of replication mutated (pSV.SB2m), or turned around (pSV.SB2r⌬T) are shown in Figure 2A . Plasmids pSV.SB2⌬T⌬5C and pSV.SB2⌬T⌬10C, respecforks in the Epstein-Barr virus genome, counteracts the tively, are derivatives of pSV.SB2⌬T lacking either 5 or 10 C residues helicase function of SV40 T antigen (Ermakova et al., at the 5Ј end of the GC stretch. In plasmid pSV.SB2⌬Tm, the two 1996).
guanosine-residues at positions ϩ700 and ϩ701 are changed to If TTF-I bound to the Sal box was functionally homolothymidine, in pSV.SB2m, the guanosine-residue at position ϩ644 gous to bacterial Tus-ter or RTP-IR complexes, then it was changed to cytidine, and the thymidine in position ϩ645 to should inhibit the intrinsic helicase activity of T antigen, guanosine. Details of the cloning procedures are available on request.
the most prominent unwinding enzyme in SV40 DNA
